An 84-year-old woman was transferred to our emergency department because of disturbance of consciousness by an ambulance. She was treated for Graves disease in her 20's, but the treatment has been discontinued. She regularly visited a family doctor for hypertension, hyperlipidemia, gastroesophageal reflux, and osteoporosis. Her regularly medications were: lansoprazole, metoclopramide, ethyl icosapentate, rosuvastatin calcium, mosapride citrate hydrate, magnesium hydroxide, alfacalcidol, risedronate sodium hydrate, meloxicam. One day before she came to our hospital, the patient visited her family doctor with complaining of lower abdominal pain, general fatigue, and low motivation. She received intravenous fluid for dehydration and was prescribed ciprofloxacin hydrochloride for diagnosis as cystitis. As she expressed suicidal ideation, sulpiride was administered for depression as well. On the following day, when the acquaintance visited the patient at home, the patient was A case of hyperammonemia due to urinary tract infection complicated by hypothyroidism ABSTRACT We report a case of disturbance of consciousness due to hyperammonemia stemming from urinary tract infection with urease-producing bacteria and complicated with hypothyroidism. An 84-yearold woman visited her family doctor with a history of excessive fatigue and was prescribed ciprofloxacin hydrochloride for cystitis and sulpiride for depression. The following day, she was brought to our hospital in an ambulance because of disturbance of consciousness. Sulpiride poisoning was suspected, and she was admitted to our emergency department. Because blood tests suggested hyperammonemia (197 µg/dl) and hypothyroidism, she was administered Lactulose, branched-chain amino acids, and thyroid hormones. Neither liver disease nor portosystemic shunting was observed in the blood or the imaging tests. The consciousness level initially improved along with the ammonia levels, however it later deteriorated again as the ammonia levels increased. Because urinary tract infection was complicated, we started administering antimicrobials. As a result, the level of ammonia normalized, and the level of consciousness improved. Arthrobacter cumminsii was detected by urine culture. Thus, we made a diagnosis as hyperammonemia due to urinary tract infection with urease-producing bacteria. In addition, hypothyroidisim in the patient aggravated hyperammonemia. In cases of hyperammonemia unaccompanied by liver disease, urease-producing bacterial infection and/or hypothyroidism should be considered. (JJAAM. 2012; 23: 398-402) 
INTRODUCTION
While hyperammonemia causing a disturbance of consciousness often occurs as a complication of a liver dysfunction, it sometimes occurs as a complication of other diseases. In this paper, we report a disturbance of consciousness due to hyperammonemia caused by urinary tract infection with urease-producing bacteria, which is Corynebacterium pseudodiphtheriticum and exacerbated by hypothyroidism.
found on the floor beside her bed, non-responsive. When the patient arrived at our hospital by an ambulance, her consciousness was Japan Coma Scale of 20, the blood pressure was 178/116 mmHg, the pulse rate was 80/min, the respiratory rate was 12/min, the body temperature was 35.6˚C, and the oxygen-saturation was 99% with a face mask oxygen at 5 L/min.
Physical examination revealed no abnormality except for the consciousness level.
Laboratory findings at the time of arrival at the hospital are shown in Table 1 . Blood test detected a slightly high level of white blood cell counts and biochemical analyses found a slightly high level of LDH, BUN, and CK. Urine analysis detected protein, ketone bodies, and bacilluria. There was no abnormality revealed by plain chest x-ray, electrocardiogram, head CT, and head MRI. Because the cause of her disturbance of consciousness was not identified by initial examinations, the patient was admitted to the emergency department with primary diagnosis as sulpiride intoxication. Since the patient did not fully recover from unconsciousness on the 2nd day, other examinations were additionally performed. The additional examination findings on the 2nd day revealed hyperammonemia with 197 µg/dl and hypothyroidism with TSH 32.9 µU/ml, free T4 0.31 ng/dl and free T3 1.01pg/dl. Ultrasonography revealed an adenomatous goiter, however, no appreciable abnormality was found in the heart or abdomen. Since anti-thyroperoxidase (Anti-TPO) antibody (<0.3 U/ml) and anti-thyroglobulin (Anti-Tg) antibody (<0.3 U/ml) tests were negative, Hashimoto's encephalopathy was not considered to be the cause of disturbance of consciousness, despite the laboratory evidence of hypothyroidism. Cerebrospinal fluid examinations denied the possibility of meningitis and encephalitis. Electroencephalography showed slow wave activity, but no appreciable abnormality consistent with epilepsy was detected. The hyperammonemia was considered as the possible cause of the disturbance of consciousness. Liver dysfunction or portosystemic shunting was not detected by the blood tests, and abdominal ultrasonography showed normal size liver with smooth margins. The echo structure of the liver was normal and CT revealed no liver deformity or no dilatation of the portal or inferior vena cava. Hyperammonemia was suspected as occurring from hypothyroidism. Lactulose, branched-chain amino acids, and thyroid hormones administration were started. Nevertheless any appreciable abnormalities in her electroencephalogram was not detected, phenytoin was also started because there was still a possibility that the patient was in nonconvulsive status epilepticus. Although the level of consciousness improved along with the ammonia level, we observed an aggravation of consciousness again on day 5 and day 6 as the level of ammonia started to rise again with 276 and 372 µg/dl, respectively. On day 6, cloudy urine was observed in the urinary catheter. Thus, we suspected an infection with obstructive uropathy and started to administer her 2g/day of ceftriaxone. As a result, the ammonia level became normal on day 7, and the level of consciousness improved. Corynebacte- rium pseudodiphtheriticum which was later identified as Arthrobacter cumminsii by gene analysis in the urine was detected by urine culture. After the discontinuation of ceftriaxone on day 12, neither the patient's ammonia level nor the level of consciousness exacerbated. Since the patient had repeated cystitis before hospitalization, the bladder function test was performed at the department of urology and a hypotonic bladder and several bladder diverticuli were recognized. The patient was then treated with distigmine bromide and was discharged on day 36 without any complications.
DISCUSSION
In the present case, examination findings indicated that hyperammonemia was the cause of disturbance of consciousness, however it did not occur as a complication of a liver cirrhosis, hepatitis, and portosystemic shunting. The causes of hyperammonemia, other than liver diseases, are not common but some reports exist [1] [2] [3] [4] . In our patient, hyperammonemia was principally induced by production of ammonia in the urine with urease-producing bacteria. Because the urine gram stain revealed gram-positive bacilli and white blood cells and urine culture detected Corynebacterium pseudodiphtheriticum, which produced urease, that were considered to be responsible for the infection. The results of the urine examination also suggested that the urine of the patient was affected by the urease-producing bacteria and was alkaline with a pH of 8.5. In addition, urine retention in the hypotonic bladder combined with an increased production of ammonia. The mechanism of this condition is mentioned an increased production of ammonia in urine because of chronic urine retention and infection [5] [6] [7] . Furthermore, urine retention causes an over-distention of bladder where ammonia in the urine is absorbed into the vesical venous plexus and because many of the veins surrounding the bladder drain into the inferior vena cava through the internal iliac vein, a large portion of absorbed ammonia is released directly into the systemic circulation, causing hyperammonemia 7) . While there are existing reports on Corynebacterium urealyticum as the responsible bacteria for urinary tract infection, we could not find any literature on infection by Corynebacterium pseudodiphtheriticum. Therefore, we requested for a gene bladder catheter insertion bladder catheter removal Aminoleban Lactulose T4-Na 12.5µg/day Phenytoin 250mg/day CTRX 2g/day analysis. As a result, Corynebacterium pseudodiphtheriticum were identified as Arthrobacter cumminsii of Arthrobacter genus. Although Arthrobacter is a genus of urease-producing coryneform bacteria that commonly exist in soil, recent reports have indicated Arthrobacter species can exist in human bodies as well and cause infections 8) . Some reports state that Arthrobacter cumminsii especially have a high isolation frequency in human samples and have caused urinary tract infections before, and this did not invalidate the idea that the bacteria caused the urinary tract infection in this case 9, 10) . Administration of ceftriaxone sodium and the insertion of a bladder catheter immediately decreased the ammonia levels and improved the patient's consciousness. Therefore we concluded that hyperammmonemia was mainly caused by production of urease by Arthrobacter cumminsii. Furthermore, it is known that thyroid hormones can affect liver function and structure 11) , and some cases of hyperammonemia due to hypothyroidism have been reported 3, 4, 12, 13) . Despite the fact that the exact role of hypothyroidism in hyperammonemia is not clarified, several mechanisms have been proposed. Hypothyroidism aggravates the hyperammonemic state due to increased nitrogen load that decreases protein synthesis, increases protein catabolism and decreases intestinal motility promoting bacterial production of ammonia and augmenting its absorption 4) . Moreover, hypothyroidism induces enzyme activity in the urea cycle leading to increased production of urea/ammonia 14) . In addition, myopathy triggered by hypothyroidism may also increase ammonia production in the muscles 3) , although thyroid myopathy was not obvious in this case. Some reports suggest that treatment of hypothyroidism can result in improvement of hyperammonemia 12, 13) . In our case, hypothyroidism was initially considered as a cause of hyperammonemia. Because hyperammonemia and consciousness improved after thyroid hormone replacement therapy on day 2 without antibiotics or a bladder catheter. However, hyperammonemia worsened accompanied with further disturbance of consciousness on day 6, despite continuing thyroid hormone replacement, lactulose, and branchedchain amino acids therapies. Hyperammonemia subsequently improved after antibiotics therapy and the insertion of a bladder catheter. Since the patient already had cystitis prior to hospitalization and antibiotics therapy had been discontinued until her recurrent hyperammonemia, we concluded that hyperammonemia causing disturbance of consciousness was fundamentally due to urinary tract infection, which was further exacerbated by hypothyroidism. When hyperammonemia occurs in cases with no evidence of liver disease or portosystemic shunting, the possibility of urinary tract infection due to urease-producing bacteria and hypothyroidism must be considered.
We reported this case at the 11th Japanese Association for Acute Medicine Chubu District meeting.
